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Breeders are discovering and developing new 
high-lysine corns that have improved kernel 
characteristics, different starch types, and elevat- 
ed protein levels. Because of the varied physical 
characteristics of these grains, an easy method 
for estimating lysine in corn is required to select 
corn with better protein quality. Our rapid turbi- 
dimetric assay of zein in extracts of meal was 
tested as a means of estimating lysine on a large 
number of whole corn and endosperm meals. The 
meals were from grains varying considerably in 
hardness and composition . High-oil, high -protein, 
high-amylose, sugary-2, brittle-2, arid combina- 



tions of sugary-2 and waxy with opaque-2 and 
other corns were anal yzed. A highly significant 
negative correlation was found between lysine 
content of the protein and zein content of the 
meal, a correlation similar to that observed for 
normal, opaque-2, and floury -2 grains. The meth- 
od has been used successfully to select high-lys- 
ine grains from among vitreous kernels having 
opaque-2 backgrounds. These results demon- 
strate the applicability of our turbidimetric anal- 
ysis of zein for estimating lysine in corn in breed- 
ing programs and for distinguishing high-lysine 
grain in commerce. 



Several new sources of high-lysine corn have been re- 
ported since the discovery that mutant opaque-2 and 
floury -2 strains (Mertz et aL, 1964; Nelson et al,, 1965) 
are richer in that amino acid than are normal dent types. 
Baudet et aL (1968) and Nordstrom and Meade (1969) 
found that certain com genotypes differing from normal 
corn in the type of starch exceeded the normal grain in 
lysine content. Combining certain of these mutant genes 
with those of opaque-2 modified grain characteristics, 
such as starch properties and kernel hardness, and elevat- 
ed lysine content (Baudet et aL, 1968; Misra et aL, 1972). 
Analysis of segregated kernels from hybrid opaque-2 lines 
revealed that modifier genes exist which cause the endo- 
sperm of opaque-2 kernels to become more vitreous but to 
retain high-lysine content (Bauman and Aycock, 1970). 
Because of low yield, fragility of kernel, and susceptibility 
to disease of the floury types of opaque-2 corn, current re- 
search is directed toward development of high-lysine lines 
of corn with more vitreous kernels. To facilitate develop- 
ment of these modified types by breeders and to help dis- 
tinguish them from ordinary corn in commerce, simpler, 
faster methods for determining lysine in corn are essen- 
tial. 

The automated amino acid analyzer separates amino 
acids in hydrolysates by chromatography and determines 
them colorimetrically; it is an accurate means of lysine 
analysis (Villegas et aL, 1968), but the instrument and its 
maintenance are costly. Although gas chromatography can 
be used to determine lysine in cereals (Zscheile and Bran- 
naman, 1972), this method also requires sophisticated 
chemical techniques and instrumentation. Alternate 
methods to determine lysine in corn include microbiologi- 
cal assay (Snell, 1957) and measurement of C0 2 liberated 
by the enzyme, lysine decarboxylase (White and Gauger, 
1967). Most popular are coloirimetric procedures based on 
reactions of 2-chloro-3,5-dinitropyridine (Tsai et aL, 1972) 
and di- or tribenzenesulfonate (Subramanian et aL, 1970; 
Concon, 1972) with lysine. However, all these methods re- 
quire considerable technical skill and are time-consuming. 
A simple technique based on dye-binding employed by 
Mossberg (1969) and by Kieselwetter et aL (1968) report- 
edly screens grain samples for lysine rapidly. 
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In our earlier investigations of a simple, fast mass 
screening to select high-lysine corns, we found that the 
amount of zein protein in the grains correlated inversely 
with the amount' of lysine in the total protein of the grain 
or endosperm (Paulis et aL, 1974). Zein protein could be 
rapidly determined turbidimetrically in 70% ethanol-0.5% 
sodium acetate extracts of freshly ground meals of whole 
grain or endosperm. To demonstrate that this simple 
method could approximate lysine in corn and thereby dis- 
tinguish high-lysine lines, we tested the procedure on a 
wide variety of corn genotypes. These grains were selected 
' to show the effect that high or low protein, variation in 
starch type, oil content, grain hardness, and level of lysine 
had on the accuracy of the method. 

MATERIALS AND METHODS 

The apparatus, reagents* and procedures were based on 
those previously shown to be most effective in yielding re- 
producible, accurate- results (Paulis et aL, 1974). Since 
the method has now been standardized in our laboratory, 
details of the instrumentation and techniques are summa- 
rized below to permit close duplication of our results by 
others. 

Apparatus; Mills. Udy cyclone-hammer mill (Udy In- 
strument Co.) with 0.024-in. screen. A cyclone-hammer 
mill permits rapid grinding without apparent heating. 
Micro-Wiley mill (Arthur Thomas Co.) with 40 U. S. 
mesh screen. 

Balance. A standard single-pan analytical balance accu- 
rate to 0.2 mg (Mettler Model B-5 or equivalent) . 

Shaker. Heavy-duty box -type reciprocating shaker (Pre- 
cision Scientific Co.) that accommodates 40 centrifuge 
tubes (50 ml). Shaking times must be varied for different 
commercial shakers to attain optimum extraction. 

Automatic Pipets. All-glass syringe pipets (Repipet- 
Labindustries, Inc.), adjustable volume 50 and 20 ml, 
with standard tapered glass joints to fit 2-1. bottles. It is 
essential that the device to dispense the alcoholic extrac- 
tant be all glass to prevent extraction of interfering sub- 
stances from many plastic materials used for tubing or 
containers. 

Centrifuge Tubes. Polypropylene, 50-ml capacity, 104 x 
28.6 mm* Oak Ridge type, with Teflon-lined screw caps 
(International Equipment Co.). 

Centrifuge. International Equipment Co. Model HN or 
equivalent. 

Colorimeter. Bee km an B spectrophotometer or similar 
standard laboratory colorimeter. 
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Figure 2. Turbidity of 70% ethanol-0 5% sodium acetate ex- 
tracts (absorbance at 59Q nm) per 20-mg sample, vs. per cent 
protein of whole 'grain 1 Of normal J opaqu6-2, and ftoury-2 corns. 
Lines are least-squares plots' 

1 per gram of pro^in withinV^ch class were significant for 
o^y_;/t^^t!bf!';six 'iypfe^'pyg^ contents of individual 
samples of each class of ' whole grain '( Figure k 1 ) indicate 
that the wider the spread 6t lysine l values the better (more 
negative) the correlation (r) within the . class. Evidently, 
the' method has limitations in distinguishing small differ- 
ences , in lysine withih y a icjass. but .readily distinguishes dif- 
ferences between classes 3 arid larger deferences within a 



^The considerable differences between whole grain arid 
endosperm in both* lysine and absorbance per gram of rjro- 
teuv are shown irt -Table I arid Figure -1. These ' differences 
arise becaiisV endosperm" and 1 germ vary in -their protein 
content- and quality;.: Mean 'protein contents of whole grain 
and endosperm differ most for opaque-2, followed by nor- 
mal. Probably there is a larger amount of germ tissue in 
opaque-2 whole kernels and a lower amount of protein in 
their endosperm's: The average amount of germ in dissect- 
ed grains used for endosperm ' analysis was 14.7% for 
opaque-2, 12.0% ? for floury ^2; ancL 10.2% for : normal. Bjar- 
nason and Poll'mer; (1972) also' observed a larger propor- 
tion of germ and germ protein in opaque-2 than in normal 
corns; Since the -germ: contains practically no zein (Bres- 
sani and Mertzy 1958; Concon, 1966) and is rich in lysine- 
cohtaining ethanol^insoluble protein, the germ protein re- 
duces extract turbidity per gram of protein of whole ker- 
nel. The difference in absorbance per gram of protein be- 
tween opaque-2 and either floury -2 or normal is less evi- 
dent in endosperm than in whole grain. The large absorb- 
ance difference between extracts of opaque-2 whole meals 
and those of floury '-2 'or of normal enhances detection of 
samples of high-ly sine opaque -2 lines by the zein analysis 
method. 

Protein Content Variability. In the course of analysis 
of opaque-2, floury^; and normal grains, used for develop- 
ment of the standard curve, a wide range of protein con- 
tents was observed in each class. This variation was due 
to differences in genetic background of the lines and con- 
ditions of cultivation. As shown in Figure 2, in each class 
an increase in protein is accompanied by an increase in 
absorbance at 590 rim of extracts of whole grain. This in- 
crease in zein content with higher grain protein is greatest 
in normal and least in opaque-2 kernels. The data also re- 
vealed . that an increase in protein reduced the per cent 



Corn* type 



Av 
absorb./20 
mg of corn 



% lysine, 
g/100 g of 
y protein 

protein* Calcd e Anal.** 



Protein 



TT' -1- 

Hign ■ 


o 


1 A A 

144 


ZD 




t 

i . 


*70 


0 


11 


Low 


0 


coo 
598 


Q 

© 


on 


z . 




• 0 






















» . OZ VO 


u 


yoo 


iz 


op 


Z . 


Qfi 




OR 
ZD 


8 . 31% 


0 


845 


11 


13 


2 . 


no 

9z 1 


z 




^ fin or 

O . ZZTb . . , 


0 


696 


10 


91 


o 
o . 


lo 


0 


oz 


Starch 


















59% Amy lose 


0 . 


856 


11 


54 


2. 


95 


3 


08 


66% Amy lose . 


0 


705 


11 


17 


3. 


20 


3 


08 


77% Amy lose 


0 


650 


12 


65 


3. 


45 


3 


17 


83% Amy lose 


0 


772 


11 


68 


3 ; . 


13" 


3 


49 


Brittle-2' ' ■ 


1- 


A7C ■ 

U7o 


Id 


4U 


■ o * 
o . 


UOf 


0 
0 


Zo 


Sugary -2 


u 


oil 


1Z 


OA 

Z4 




lo 


0 
0 


U / 


Waxy-opaque-2 (1) 


: U 


ZOO 


1U 


. 7o . 


A 

4 


AC 


4 


. Z / 


Waxy -opaque-2 (2) 


0 


233 


11 


• 24 


4 


14 


4 


.27 


Sugary-2— opaque-2 


0 


063 


10 


43 


4. 


47,. 


4 


91 


Floury . 


















Floury-1 . 




038.. 


11 


84 


2. 


66 


2 


50 


Opaque- 1 


6 


915 


11 


99 


2. 


90 


2 


61 


Vitreous opaque-2 




















0. 


087 


9 


56 


4. 


40 1 


- 4 


24 


2 


0. 


379 


; 11 


78 : 


3. 


89 


3 


57 


3 ■■ ; .- * 


0 


468 


11 


59 


3. 


70 


3 


S5 


4 V 


0. 


399 


10 


14 


3. 


73 : 


3 


78 


Opaque-2 hybrid ; ■ : 


















segregating . . 


















selections 0 .. .. . * . ; 


















Opaque 


6 


li3 . 


ib 


'.OS 


4. 


35 


4 


78 


Semi translucent/ . 


d 


117 


9 


23 


4. 


32; 


4 


19 


Vitreous. ' V 


0 


371 


9 


80 


3. 


76' 


3 


58 



° All values are' • averages of duplicate determinations. 
Turbidimetric^absorbances are averages of two, extractions 
carried; but at no. later than 3 days after grinding: Only 0..1 g 
of high protein ; samples was extracted and turbid imetric 
analyses : were obtained . on 1-ml extracts diluted to.. 2, .ml 
with extractanf (indicated absorbance is four times ob- 
served). b Protein determined on as-is basis and not corrected 
for moisture. c Calculated from, prediction (regression) 
equation. d Analytical data . from ion-exchange analysis for 
lysine. • Samples, were sorted from- an- opaque-2' corn based 
on their transparency over a fluorescent light source; 



lysine in normal grain protein" slightly but resulted* in a 
smaller decrease in the lysine content 1 of opaque-2 ' grain 
protein. In contrast, we observed that : the lysine content 
of grain protein increased significantly with increased pro- 
tein in floury -2. Despite these effects, of. protein content, 
there was no significant correlation between the amount 
of protein in the standard samples and the accuracy of the 
estimation of lysine per gram of protein by the turbidi- 
metric procedure. Extraction of zein from grain haying 
the range of protein exhibited by our standard samples 
does not appear to be influenced by protein content. Cal- 
culation of the standard curves and regression equations 
on the basis of absorbance per gram of protein compen- 
sates for the effect of protein variation on lysine estima- 
tion.- 

The zein turbidity determination departs from Beer's 
law at high levels of zein concentration (Craine et at., 
1957). Dilutions of extracts of samples of high-zein; con- 
tent are required. Therefore, corns with extremely high 
and low protein concentrations were selected for lysine 
analyses by the zein extraction procedure to determine 
the accuracy of the method at the limits of protein con : 
tents. As shown in Tables II and III calculated and ana- 
lyzed lysine contents compare favorably for both .high- 
and low-protein whole corn meals and the low-protein en- 
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< zein extraction^. .Opaoue-/ -and YioTrv ; m ^ t ° re 
l shown bv'Nelsortip/w- liLxf? ' lowr y' 1 ' -mutanta were 
a r i • ao " iettat ' (1965)r.to- contain only about half 

'wwTS ySme a t, the °P°9«^3 and .//ouryl genotypes 
ketl ! y I t!f ,ab 6 ^ P henot yP*> by. having, soft 
kernels. As shown in Table ^ analysis of. opaque 'l and 
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■ floury- 1 by the zein turbidity method for lysine gives re- 
suite close to the ^analyzed lysine values for these samples. 
The method can ' then be used to distinguish these mu- 
tants readily from the high-lysine opaque^ and floury-2 
grainsof similartfrhenotype. " * i y N>' ; *» i 

- -The analysie^of lysine by the zein turbidity method was 
carried out" on several opaque -2 grains with- varying 'de- 
crees of vitreoushess in their endosperm. Calculated lysine 
of protein iri : four whole grains' ; and. two endosperm * sam- 
ples' shows ^ha t these vitreous; corns are; high in lysine 
(Tables* II and III). Estimated lysines are in close agree- 
ment 'with the values obtained" by use of the amino acid 
analyzer.-'- t .u; --.w :••.".■■*. -\ j- .* i; ;:.:.j-vm.v- 
*i In one>lirie^of hybrid opdque-2'corn supplied by a com- 
mercial ' com breeder;, an . uncommonly large amount of 
translucent grain* ( approximately 3040%) . was: observed. 
Kernels -from : this /sample^ -were separated, according to 
hardness into three separate groups as- listed irt Table ill^ 
fully opaque, ' semitrarislucerit, and translucent * ( vitreous) . 
Figure 3 illustrates the* appearance 'of kernels: of each 
group- ■ of* c6rn * when -exam fried :* over 1 illumination.! : Rapid 
analysis by the zein turbidity method established that the 
lysine content of each' group of these* kernels* as listed in 
Table II, exceeded that of normal dent corn. The protein 



Table IV. Regression Equations for Turbidity vs. 
Lysine Analysis for Different Corns 



No. 
of 
sam- 
Meal pies 



Equation* 



Corr 
coeff* 



SE of 
estimation, 
g of lysine 
per 100 g 
of protein 



Whole 23 L ~ 4.69 - 



Endo- 
sperm 



12 L — 3.66 — 



24.65A 5 » 
% protein 
18.80.4sw> 



-0.93 0.289 
-0.76 0.541 



% protein 

° L ~ grains of lysine per 100 g of protein. A590 = absorb- 
ance at 590 run per 20-mg sample. 6 All correlation co- 
efficients significant at 1% level, 

of the fully translucent sample contained 3.58% lysine/g 
of protein, a value as high as some vitreous opaque -2 grain 
from 1 6ther sources. The estimated lysine values v were con- 
sistent with the analyzed values. Lysine content in 
opaque-2 kernels is reduced as their degree of vitreousness 
is increased: : 

These results indicate that ; the zein turbidity method 
can serve as a powerful tool for rapid initial screening of 
vitreous samples for lysine content. Undoubtedly, lack of 
such a simple tool in the. past caused potentially valuable 
opaque-2 germ plasm to be overlooked . and considered as 
probable outcrbsses- because of their aberrant phenotypes. , 
Lysine Estimates for All Corn Types. The corn types 
listed in Table II: represent a: broad, spectrum of grainadifr 
fering in protein, oil, starch, and kernel hardness.: To de- 
termine, how well the. zein turbidity procedure fox estimatr 
ing- lysine in these corns worked, calculated! lysines were 
plotted against! ;the analyzed values in \ Figure -.4- for whole 
grain ahdv in Figure *5 for endosperm. The points for whole 
corn (Figure • 4)* are closely ; grouped about- the -45* line, a 
condition . that . indicates- agreement o£ ; analyzed and esti- 
mated values. The estimated values for these 23 different 
whole* com - meals showed? a standard t .deviation of* : only 
0 j'288> g : : of: lysine/ 100 gi of protein from the • analyzed 
values. For. ^ the 12 endosperm samples* the. standard de- 
viation; is higher; 0.620. The major source of error in this 
group- of tanalyses is the single high -protein endosperm 
sample • whose : extract turbid ity exceeded values on the 
standard curve. Exclusion of this: sample in the estimation 
'reduces the standard deviation to 0;460, a value that still 
reflects the major differences between estimated and ana- 
lyzed- values* of lysine in high-oil corn endosperms. How- 
ever^ the lvalues of lysine 1 generally, indicate that zein tur- 
bidity measurements . : discriminate between • high-lysine 
and low- lysine grains over a wide range of characteristics. 
,:; Calculation of linear.-: regression ; equations for. relating 
lysine in grain to zein turbidity- of t extracts can be based 
oh. almost -any series of grains haying reasonably diverse 
lysine and. protein contents, regardless! of their other physi- 
cal characteristics; In Table IV are; summarized calculated 
regression equations, correlation coefficients, and stan- 
dard errors based on (analysis of the* diverse samples given 
in Table EL For the 23 whole corn; samples, the regression 
equatidn closely approximates the standard equation 
given under Materials 1 and Methods. The correlation coef- 
ficient is high and standard, erron lowl Evidently the in- 
verse; relationship between, zeirii and lysine content of pro- 
tein in : corn generally'. does -not depend on corn type. For 
endosperm; the (equation, in Tablei IV .relating absorbance 
to lysine exhibits lower slopes land intercepts than the en- 
dosperm, standard curve: Thetanomalous behavior of the 
high-protein and . -high-oil endosperm ^samples contribu ted 
to>- these differences; as well as to. the poorer correlation 
> coefficient and greater standard error. *:i ■ .» • . : . . ! 

The turbidimetric analysis of zein should find wide ap- 
plicability in screening corn in breeding programs for 
high-lysine lines' of improved kernel structure. It should 
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also be useful in common *. j- • 

of corn, which m ! £ Anguish high-lysine li nes 
tional differences fro^ i i efSe P hvsi <*l and composi- 

method can be impro^d to ne 6 f a ° CUraCy of th « 
ferences in lysine Sn a 3na,ysis of smali d * 

standard cu™ ca^oe extenZ Whether the 

taininshigherprotei^^^ 
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